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(54) CnOCOB nPEOEPA30BAHHfl TEnJIOBOM 3HEPrMM BHEUJHErO HCTOMHHKA TEnJIA B 
MEXAHMMECKYK) PABOTY 



ro 



(57) PecJ)epaT: 

Hcnonb30BaHne: cnoco6 othocmtca k 
Tenno3HepreTMKe, b MacTHOCTH cnocoOaM, 
Mcnonb3yK)ii^MM pa6oMyto cpeAy b ra3oo6pa3Hofi 
dpaze atia nonyMeHWH MexaHnnecKO^ 3Heprnn M3 
Tenna BHeiUHero MCTOMHMKa. CymHocTb 
M3o6peTeHM«: xonoAHaa sacTb paGoMefl cpeAbi 
nepeAaeTCJi Ha OKaTue, a ropflnafl nacTb, 
TeMnepaTypa h Aas/ieHMe KOTopofi b npoLjecce 
pa3Ae^eHn« noBbiwaeTCfl, noABepraeTca 
oxna>KA©HMK) c nepeAaneM npno6peTeHHofi 
nacTM Tervia Ha noAorpeB Hepa3AeneHHofl 
pa6oneM cpeAbi n paciiinpeHHio. npoi^ecc 
pa3A©JienMfl pa6oHefi cpeAbi c nocneAytomefi 
nepeAaMefi Ha c>KaTMe xojioaho& ^ac™, 
oxna>KAeHMH v\ pacwupeHMH ropflnew nacTM 
ocymecTBrmeTc* HeoAHOKpaTHo a° yMeHbiueHMs 
b 6 - 10 pas Maccw paGoMetf cpeAbi. 
OcraBLijascfl nacTb Maccbi pa6oMefi cpeAbi 



oxna>KAaeTCfl b xojiOAnribHMKe. 5 mji. 
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(54) PROCESS OF CONVERSION OF THERMAL ENERGY OF EXTERNAL HEAT SOURCE TO MECHANICAL 
WORK 

(57) Abstract: 

FIELD: heat power industry. SUBSTANCE: 
invention specifically refers to processes 
using working medium in gaseous phase to 
generate mechanical energy from heat of 
external source. Cold part of working medium 
is transferred to compression and its hot 
part which temperature and pressure increase 
in process of separation is subjected to 
cooling with transfer of acquired part of 
heat for heating of unseparated working 
medium and to expansion. Process of 
separation of working medium with subsequent 
transfer of cold part to compression, and of 
hot part to cooling and expansion is carried 
out many times till mass of working medium 
diminishes 6-10 times. Remaining part of 
mass of working medium is cooled in 
refrigerator. EFFECT: enhanced efficiency of 
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B M3CTH0CTH K CnOCOOSM, HCnOJlb3yK)LMHM 

pa6oMyio cpeAy b ra30o6|^HOfi tpaze a/ia 
nonyMeHi/i* MexsHHMecKoPj^^krvw H3 Tenna 
BHeujHero MCTOMHUKa. 

LUkipoKO H3BecTHbi cnoco6bi 

npeo6pa30BaHHfl TennoBOfl 3Heprnn b paooTy b 
napoTyp6MHHbix arperaiax, pa6oTaiomnx no 

l^MKHy PeHKHHa, B KOTOpblX npOM3BOflHTC« 

ncnapeHne pa6oMefi wmakocth u npuroTOBneHMe 
napa Bbicoxoro fxasnenm, paciunpeHne napa c 
nonyneHneivi MexaHkmecKOM paoorbi, 
oxna>KAeHMe n KOHfl6Hcaijnfl napa ao WMAKoro 
coctoahwh c pacce^HkieM Tenna b npoijecce 
oxna>KfleHMfl b oKpywaiomee npocTpaHCTBO 
(TennoTexHMKa. A . n . BacKaKOB, B . B . Bepr, 
O.K.Butt m Ap. M. 3HeproM3AaT, 1991. 224 c. 
mji. dp. 61. MssecTeH TaK>Ke cnoco6 
npeo6pa30BaHM« Tenna b SHeprwio Apyroro Bn,qa 
b HarpeBaTene n A^TaHAepe (AeTaHAep M0>KeT 
npeAdaBfinTb coootf poTopHbitf wn6"epHbifi i/inw 
bmhtobo^ ABuraTe/ib mjim AByxcf)a3HyK) Typ6nHy, 

BXOA^LMytO B COCTaB 

MarHMTornAPOAHHaMMHecKoPi ycTaHOBKM), 
zawma\o\i\\Aftcn b nepewieL^eHMM noA 
AaBneHneM pa6oneii whakocth b HarpeBaTenb, b 
kotopom 0Ha HarpeBaeTCfl, He M3ivieHflfl CBoero 
cf)M3HMecKoro cocTOAHkm, b noAane wwakoctw b 
AeTaHAep, rAe OHa MmoBeHHO HcnapaeTCfi, 
npuBOAfl pa6oMMe opraHbi AeTaHAepa b 
ABkDKeHne, oTpa6oTaBLUMM nap oxnaa<A3eTCfi ao 
>khakoctm c pacce^HneM Tenna b oKpy>Kaiomee 
npocrpaHCTBo (3aflBKa BennKoSpnTaHUM N 
2114671/100, F 01 K 25/100, F 10, F 1 F, H 2 
A, ony6n. 24.08.83, t. N 4930). 

H3BecTeH cnoco6 npeo6p330B3HHfl 
TennoBOM aHeprnn BHewHero MCTOMHMKa Tenna b 
MexaHkinecKyio psooTy, Bbi6p3HHbift b KSMecTBe 
aHanora, H3n6onee 6nn3Koro k n3o6peTeHwo no 

COBOKynHOCTH npM3H3KOB (npoTOTHn), 

3aKniOMaK)LAMMCfl b nonyneHHU MexaHMHecKoPi 
pa6oTbi b napoBOM TennocunoBOM ycTaHOBKe c 
l^uktiom KapHO. Oh coctomt b cneAyfou^eM. 
TennoT3 ot ropymero ucTOHHHKa noABOAMTca k 
BOAflHOMy napy (paboMefi cpeAe), npw 
nocTOAHHOM TeivinepaType, b pe3ynbTaTe nero 
nap npeBpaLAaeTCfl b cyxofi HacbimeHHbifi. 
3aTeM nap aAM30"3THo pscwupfleTCH b TypSwHe, 
coBepujafl wexaHMHecicyio paooTy. 
OTpa6oTaBUJM^ nap nocTynaer b KOHAeHcaTop, 
rAe OTAaeT TennoTy xonoAMJibHUKy 
(qkipKynwpyiomefi no Tpy6f<aM oxna>KAaK)inetf 
BOAe), b pe3ynbTaTe Mero ero CTeneHb cyxocTM 
yMeHbiiiaeTca. BnawHbifi nap 3aTeM OKMMseTCfl 
b KOMnpeccope TaiOKe aAnaGaTHO ao ncxoAHoro 
coctohhuh. flanee quicnbi noBTopflJOTca 
(Ten/ioTexHUKa. A. n. BacKaKOB, B.B.Bepr, 
O.K.Bmt m AP- M: 3Heprou3AaT, 1991, 224 c. 
nn. dp. 61 m 62). 

H3BecTHbiPI cnoco6 o6naAaeT MeHbwUMM 
noTepflMM Tenna b xonoAnnbHHKe. 

HeAocrraTKOM M3BecTHoro cnoco6a BBnaeTca 

TO, HTO M npM ero MCnonb30B3HMH HeB03MO>KHO 

Ao6nTbc« BbicoKoro ocpcfieKTa npeo6pa30BaHHfl 
Tenna b paGoTy, t.k. 3Aecb TaiOKe MMeKDT MecTO 
noTepn TennoTbi b xonoAM/ibHMKe, ao 50% 
KOTopaa 6ecnone3Ho paccenBaeTC« & 
0Kpy)KaK5iMeivi npocTpaHCTBe. 

TexHUMecKMM pe3ynbTaTOM npeAnaraeivioro 
n3o6peTeHnn ^BnfleTCfl noBbiiueHMe 
KO3c{)0Mi4MeHTa none3Horo Ae^CTBUfl TennoBoro 
arperaTa 3a cneT nonHoro npeBpameHUfl Tenna 
pa6oMefi cpeAbi b MexaHnnecKyio pa6oTy. 

TexHMMecKM^ pe3ynbTaT AOCTuraeTcn TeM, 
mto b cnoco6e npeoSpasoBaHMfl TennosoK 
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MexaHHMecKyjo pa6oTy, BKnroqaiomeM 
HarpeBaHne paGoHet^DeAbi, ee paciunpeHne c 
nonyMeHneM Mexah^^kpPi pa6oTbi m c>KaTne 
cx^rnacHO nso6peTl^^ nocne pacujupeHna 
pa6oMy»o cpeAy pa3Aen«K)T b i4eHTpo6e>KHOM 
none no ypoBHK) KMHeTHMecKO^ GHeprnn rpynn 
MoneKyn Ha xonoAHyto m rop^MyK) MacTM, 
npuneivi xonoAHyjo nacTb HanpaBnwtoT Ha 
OKaTue, a rop^Myio MacTb oxna>KAaK)T ao 
TeMnepaTypw paSoMePi cpeAbi, noABepraeMOM 
pacujupeHHto, Tenno rop^MeM nacTH nepeAatoT 
Hepa3AeneHHotf pa6oneM cpeAe, a caMy 
ropflHyK) MacTb nepeAaiOT Ha pactunpeHne, npw 
3tom npoi^ecc pa3AeneHnq pa6oMefi cpeAbi Ha 
xonoAHyfo n rop^HyK) MacTH c nocneAyKDu^ew 
nepeAaneC^ Ha c>Ka™e xonoAHOi^ nacTM, 
oxna>KAeHMeM n paciunpeHweM ropaHei^ nacTM 
noBTop«K)T HeoAHOKpaTHO ao 6 10-KpaTHoro 
yMeHbLueHMfl Maccbi ropyNeM MacTM, a 
ocTaBiuyjocfl rop^nyjo nacTb oxna>KAaK)T ao 
TeMnepaTypw paGone^ cpeAbi, HanpaBnaeiuofi 
Ha OKaTvie, n OKWuaiOT. 

TexHMMecKMPi pe3ynbTaT AOCTuraeTCfl npn 
ncnonb30BaHHM pasnnHHbix pa6oMnx cpeA b 
ra30BOM cf)a3e, Hanpniviep TaKnx KaK neperpeTbitf 
boaahom nap, rennPi, B03Ayx m T.n. 

B 3aflBn«eMOM cnocoSe, b oTnuMne ot 
M3BecTHoro, npoqecc oxna>KAeHM5i pa6oMei^ 
cpeAbi b xonoA^nbHUKe 3aMeHflK)T npoL;eccoM 
pa3AeneHM« paOoMeti cpeAbi Ha xonoAHyjo n 
ropymyK) MacTM, KOTopwfi He TpeSyeT 3aTpaT 
3Heprnn, T3K KaK nAeT npocTpaHCTBeHHoe 
cMetqeHne paGoneti cpeAbi b L(eHTpo6e>KHOM 
none, npuneivi rpynnbi MoneKyn, o6naAaioiAMe 
6onbLuoM KHHeTunecKOM 3HeprnePi 

cocpeAOTaMkiBaioTC« b oaho^ nacTn 
npocTpaHCTBa, a wieHee HarpeTbie rpynnw 
MoneKyn b ApyroM MacTM npocTpaHCTBa 
33MKHyTO^ cucTeMbi. riocKonbKy npoi^eccbi 
pa3AeneHM« nponcxoAflT aoct3tomho GbiCTpo 
(5»10 -2 ceK), npaKTHHecKn HeT Tennoo6MeHa c 
BHewHefi cpeAoPi, m cyMMapHaa SHeprMfl b 

33MKHyT0M CUCTeMe COXpaHSeTCfl HeM3MeHHOM. 

npu OTAeneHMM ot pa6oHePi cpeAbi 
xonoAHOM nacTM TeivinepaTypa ocTaBLuei^cfl 

rop^HeM MaCTM B COOTBeTCTBMM C 33KOHOM 

coxpaHeHMA sHeprnn noBbimaeTcn n craHOBHTcn 
Bbiwe TeMnepaTypw Hepa3AeneHHoPi pa6oMe^ 
cpeAbi, hto no3BonaeT nepeAaTb e^ Tenno 
ropflqefi MacTn pereHepaTHBHbiM nyTeM m 
cHM3HTb KonnnecTBO Tenna BHeniHero MCTOHHUKa 
(TonnuBa), MAyLMero Ha HarpeBaHne pa6oHeM 
cpeAbi. 

nonHoe ncnonb30BaHMe Tenna pa6oHePi 
cpeAbi AOCTwraeTca npn. 6ecKOHeHHOM Mucne 
pa3AeneHMM yivieHbiiJaioLAeMcyi c Ka>KAbiM pa30M 
Maccbi rop^neM nacTH pa6oMeCi cpeAbi npn 
nepeAane oTAenbHbix xonoAHbix nacTeti Ha 

OK3THe. OAHaKO T3KOM o6pa3 AG^CTBH^ 

ycnojKHfleT peann3aL^nio cnoco6a. 

B 3aflBnneMOM cnoco6e p36onafl cpeAa 
npABeprseTca ps3AeneHwo ao ypoBHfl 
M3CCbi. OcTaBiuaflCfl nacTb 



noABeprseTca oxn3>KAeHUK> K3K b H3BecTHbix 
MatuMHax, T.e. c noMombio xonoAMnbHMKa, m 
stum o6ecneMMBaeTc« 3aMbiKaHne 
TexHonornMecKoro i^nioia npeo6p330BaHnq 
TennoBOfi OHeprnn b iviexsHMMecKyio pa6oTy. 
Tenno yKssaHHoPi Aonn Maccbi pa6oneCi cpeAbi 
yAaeTCfl ncnonb30B3Tb none3HO nonHocTbio npn 
noAorpeBe B03Ayxa, nocTynaioLAero A/m 
c>Knr3HMfl TonnnB3. flocT3TOMHoe Hucno 
p33AeneHMM npn gtom He npeBoexoAMT 
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npn pasAeneHMM pa6oMeft cpeAbi ao ypoBHH 
MeHee 1/6 ot nonHofi^^ccbi yAaeTca 
wcnorib30BaTb see Te ^^ft xonoAnnbHMKa 
(B03AyxonoAorpeBaTe/ia) J^PIrpeea BOSAyxa 
ot 20 °C ao 140 145°C npn KOsefxJwLjMeHTe 

M36blTKa B03Ayxa GAUM, ABa. npM 3T0M 

TeMnepaiypa pa6oneM cpeAbi, nepeAaBaeMaa 
Ha OKaTue Aaxe npn BCTpeMHOM Tennoo6MeHe 
npeBoexoAm 100°C, mto AOCTaTOHHO mhord. 
npn pa6oTe c MeHbwefi TeMnepaTypofl pa6oMefl 
cpeAbi, noAaBaeMo^ Ha OKaTue, v\ npn 
noHM>KeHHOM K03cpct)nuMeHTe n36biTKa B03Ayxa 
AO/no Tenna, nepeAaBaeMoro b 
B03AyxonoAorpeBaTe/ib, Heo6xoAHMo cHMwaTb. 
3to mowho CAe/iaTb TOJibKO 3a cneT 
yMeHbiueHMfl Maccbi pa6oMefi cpeAbi, 
nporoHaeMofi nepe3 B03AyxonoAorpeBaTenb. 
OAHaKO pasAenHTb Maccy ao ypoBHH HMwe, neM 
1/10 nojiHOM, HeLjejiecoo6pa3HO BBMAy 
ycno>KHeHMfl peajin3ai4nn cnoco6a. flosTOMy 
npuHATO noABepraTb pa3AeneHMK) Maccy 
pa6oMefi cpeAbi ao ypoBHfl, onpeAenneMoro 
npeflenaMM 1/6 1/10 ot nonHofi. 

Ha ocHOBaHMM npoBeAeHHoro aHa/iM3a 
ycTaHOBneHo, mto 3aaBnfleMoe M3o6peTeHne He 

M3BeCTHO M3 AOCTHmyTOrO ypOBHfl TeXHMKH, 

c^eAOBaTeribHo, coc-TBeTCTByeT KpnTepnio 

H HOBM3Ha". 

nocKOJibicy M3BecTHbix peweHkifi, 
coA©P>Kai^Mx npn3HaKn, cxoAHbie c 

OTflMHUTenbHblMM npM3H3KaMH 3aflBnaeMoro 
naoGpeTeHMfl, He BbiflBneHO, T.e. ohm aha 
cnei^na/iMCTOB ABHbiM o6pasoM He cneAyiOT M3 
AocTHmyToro ypoBHH TexHMKM, to M3oGpeTeHkie 
cooTBeTCTByeT KpnTepnio "M3o6peTaTenbCKMtf 
ypoBeHb". 

nocKOJibKy 3aaBrmeMoe M3o6peTeHMe 
co3AaeT nono>KMTenbHbifi 3cfxJ)eKT, 

BbipawaioLAHMCH b noBbiiiieHMM KoscfccfekiLikieHTa 
none3Horo a^^ctbma (cm. pa3Aen onucaHMfl 
M3o6peTeHn« "npniwep KOHKpeTHoro 

BbinonHeHMfl"), TO OHO MOKBT 6blTb 

6ecnpen«TCTBeHHO ncno/ib30BaHO b 
npoMbiLuneHHocTM m b 3tom nnaHe 

COOTBeTCTByeT KpnTepnfo "npOMblUJJieHHOW 
npMMeHMMOCTH". 

Ha 4)nr. 1 n3o6pa>KeHbi b KoopAHHaTax Ts 
AnarpaMMbi MAeanbHbix Ten/iOTexHUMecKMx 
l^mktiob: MamnHbi KapHo v\ 3KBMBaneHTHoro; Ha 
<pv\r.2 pa3AennTenb pa6oHefi cpeAbi b pa3pe3e; 
Ha cpnr.3 cxeivia, noflCH«K)ii^afl npuHL^nn paGoTbi 
pasnenmenn; Ha o>nr. 4 b KOopAHHaTax Ts 
AHarpaMMa MAea/ibHoro TennoTexHunecKoro 
L^MKna arperaTa, pacoTaioLnero no 3awB/ifleMOMy 
cnoco6y; Ha 0nr.5 o6mnfi bma arperaTa b 
Typ6MHHOM BapnaHTe McnonHeHMfl, 
pa^oTafomero no 3aflBnaeMOMy cnoco6y. 

B na6opaTopHbix ycnoBunx ocyinecTBnanocb 
npeo6pa30BaHne TennoBOM sHeprnn BHewHero 
ncTOMHMKa Ten/ia b MexaHUMecKyio nyTeM 
CHUKeHMfl npupoAHoro ra3a b ra30xoAe 
cunoBoro arperaTa. 

ripouecc unrnocrpupyeTCfl Ha (J)nr.1. 3Aecb b 
bha© np^MoyronbHMKa 12 3-4 Ana cpaBHeHkm 
M3o6pa>KeH MAeanbHbi^ LjMKn MawHHbi KapHo. 
TaKofi i4HKn ocyunecTBUM Ha cwpoM nape. 
PacmMpeHne napa c coBepiueHneM none3Hofi 
pa6oTbi nponcxoAUT no Ana6aTe 1, 2. 
PacaiMpuBuuM^cfl nap oxna>KAaeTCfl b 
xonoAnnbHMKe \a OTAaeT Tenno npn nocTOAHHO^ 
TeMnepaType Tq (nsoTepivia 2, 3). flanee 
ocymecTB/ifleTc* OKaTue napa ao A^a6aTe 3 4 \a 
HarpeB no M30TepMe 4 1 npn TeMnepaType T-|. 
L-Imkh, SKBMBaneHTHbi^ m^Kny KapHo, Ann 
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33MKHyTOfl JlOMaHOpI KpHBOM 1 2 3 4. Oh COCTOl/IT 

M3 AByx aAna6aT 1 ; ^^3, 4 n AByx M3o6ap 2, 
3 h 1, 4. 3KBMBa^^™=>iki l|hkti Ha npaicrnKe 
peann3yeTCR jierMe.^^^MKTi KapHo. 

3aTpaTbi Tenna, noABOAHMoro (KaK noKa3aHO 
CTpe/iKaMU Ha cj)nr.1) no M3o6ape 4, 1 
OTCMHTbiBawDTcw ot a6conioTHoro Hyna. Ha 
AnarpaMMe stm 3aTpaTbi onpeAe/inioTCfl 
nnoii^aAbio, o6o3HaneHHO^ i^M0paMM 1 5-6 4. 
He Bee 3aTpaMeHHoe Tenno MO>KeT 6biTb 
npeBpau^eHO b pafxrry b t3kom L^MKne, a ToxibKo 
nacTb ero, orpaHnneHHaq nnou^aAbK) 1 2 3 4. 

Ha AnarpaMMe o>nr.1 npomi/nocTpupoBaH 
TaioKe saflBfifleMbii^ cnoco6, b kotopom Bee 
Tenno pa6oneW cpeAbi npeBpai^aeTcn b 
MexaHnnecKyK) pa6oTy. B stom cnynae 
nnou^aAb, o6o3HaneHHafl Ha A^arpaMMe 
L^ncf)paMM 7 8 6 4 u paBHaa TennoTe, 
noABOAMMo^ pereHepaTHBHo, no SHaneHnio 
OAHHaKOBa c njiou^aAbio, o6o3HaHeHHofi 
L^M4)paMH 2 5 6 3 m paBHoC^ Aone TenjiOTbi, He 
ncnorib3yeMOM b i^nKne KapHo. 

Cnoco6 npeo6pa30BaHMfl TennoBOM sHeprnn 
b MexaHMHecicyio pa6oTy ocHOBaH Ha 
pa3AeneHMM pa6oMeM cpeAbi Ha nacTM, 
o6/iaAaK)U4ne pa3HOM TennoBoPi SHeprneM. 
Pa3AeneHne pacoMefi cpeAbi ocyii|ecTBJiflnocb b 
L\e h t po6e>KH o m none b pa3AejwTene, 
H3o6pa>KeHHOM Ha o>Mr. 2, npuHL^kin as^ctbha 
KOToporo nponnmocTpupoBaH Ha c£ur.3. 
Pa3AennTerib coctomt H3 conna JlaBanfl 1, 
nMeiomero b ceneHMn np*MoyroribHbitf 
npoo>MJib, OAHa m ctopoh np^MoyronbHUKa 
KOToporo JiMHeMHO yBenwHMBaeTCfl ot HaMana k 
KOHi^y Tpy6bi. Conno ceepHyTo b cnnparib BOKpyr 
TOHKoro CTepwHfl 4. K BbixoAy conna 
noACoeAHHeHbi ABa AH<t>c|3y3opa 2 m 3. 

Ha cfcnr.3 ycnoBHo noKa3aHa cxeMa 
pasAennTen^ b pa3BepHyTOM BMAe m A^arpaMMa 
5 pacnpeAeneHMfl ckopocth noTOKa pa6oMe^i 
cpeAbi Ha BbixoAe conna JlaBann 1 b o>yHKL4MM 
paccTOAHMfl ot CTep>KHfl 4 ao npoTMBonono>KHOM 
CTeHKM conna. SneMeHTbi pa3AennTen« Ha 
o>nr.3 MMeioT cneAyioii^ne o6o3HaHeHH«: I I 
ceMeHkie bxoaho^ TpyObi, II II BbixoAHoe 
ceMeHne conna flasann, III III ceMeHne 
BbixoAHbix Tpy6 pa3AennTenn: P 1f P, P 2 , 
P 3 3H3MeHHH AasneHnCH b yKa3aHHbix ceneHM^x: 

02 M C3 3HaMeHMfl CpeAHHX CKOpOCTefi nOTOKOB 

pa6oMe^ cpeAbi Ha BXOAax AUCfjqbysopoB 2 n3 

COOTBeTCTBeHHO. 

ripuHi^Mn AetfcTBHfl pa3AennTenn 
cneAyiOL^n^. IIotok pa6oHevi cpeAbi b 
ra30o6pa3HO^ (base nocTynaeT noA AaBneHneM 
b conno JlaBanw 1 , rAe nponcxoAUT ero pa3roH 

AO CBepX3ByKOBOM CKOpOCTH. FlpH STOM 

oAHOBpeMeHHO nponcxoAMT pacKpyHMBaHne 
noTOKa no cnwpann B pe3ynbTaTe Mero 
o6pa3yeTca i^eHTpoGexHoe none, noA 
B03Ae(icTBMeM KOToporo HanSonee ropyman 
nacTb noTOKa cocpeAOTannBaeTCfl B03ne 
Hapy>KHoCi noBepxHOCTM conna, a oxna>KAeHHafl 
b pesynbTaTe pacLUMpeHH« b HanpaBneHnn ot 
Hapy>KHoi^ CTeHKM k BHyTpeHHeM MacTb noTOKa 
cocpeAOTaMMBaeTCfl B03ne BHyTpeHHeM 
noBepxHocTM conna. KaK noKa3biBaeT onbiT, 
o6pasyeTCfl rpaAMeHT TeMnepaTyp b HecKonbKO 
AecflTKOB rpaAycoB Ha caHTMMeTp m rpaAMeHT 
ckopoctm noTOKa. Ckopocthom noTOK nocTynaeT 
c BbixoAa conna JlaBana 1 b An^ysopbi 2 m 3. 
BBMAy pacnono>KeHMfl An00y3opos TaK, KaK 
M3o6pa>KeHO Ha (frm. 2 m 3, noTOK b AM0c})y3op 2 
nocTynaeT c Gonbwetf cpeAHeM CKopocTbio 
C2 n TeMnepaTypoM no cpaBHeHMio c noTOKOM, 



o 

CO 

10 

CM 
00 

o 



ho 
o 

00 

cn 

co 

O 



B Anc^ct)y3opax 2 

T0pM0>KeHHe nOTOKOB, MT< 

AaBJieHMfl b ceMeHnn 
npeBocxoACTBa ckoi 



3 nponcxoAMT 
ibiBaeT noA'beM 
3a cMeT 
C2 hsia 



C 3 AaB/ieHne P2 Ha BbixoAe An$cf)y3opa 2 
npeBbiiuaeT AaBneHMe Pi Ha bxoa© conna 
JlaBana, a AaBneHMe P3 Ha BbixoAe AMqt>$y3opa 
3 npuHMMaeT Benmmy MeHbwyio Aas/ieHUfl 
Pi. noTOKn MMeK)T pa3Hbie cpeAHHe 
TeMnepaTypbi m oGnaAaiOT pa3H0M yAenbHoPi 
3HTajibnne^. Ha BbixoAe AH$cpy3opa 2 
OT6npaK)T ropaHMfi noTOK, a Ha BbixoAe 
AMCfxtysopa 3 xonoAHbifi hotok. 

Ha cjwr.4 b KoopAMHaTax Ts M3o6pa>KeH 
MAea/ibHbii^ Tenn oTexH mh gckm ft l^mkji TennoBofl 
MaiunHbi c pa3AeneHMeivi pa6oneM cpeAbi no 
3aflBJifleMOMy cnocoGy. FlpeBpameHne TennoTbi 
b pa6oTy b AaHHOM uy\xne coBepwaeTca 
cneAyK)ii4MM o6pa30M. 

PaSonee Teno pacwMpaeTCfl c 
coBepujeHneM pa6orbi no aAna6aTe 1 , 9. flanee 
pa6oMaq cpeAa c SHTanbnMefl tohkm 9 
AnarpaMMbi nocTynaei Ha bxoa pa3AenMTena 
(ceMeHne I I con/ia JlaBanfl 1 cf)nr.3). B 
pa3AenMTe/ie Me>KAy ceneHMHMM I I n II II 
nponcxoAHT pacninpeHMe pa6oneM cpeAbi n b 
ceMeHnn II II pa6oHaa cpeAa 6yA©T 
xapaKTepusoBaTbCfl GHTajibnueM tohkm 12. 
Pa3H0CTb TennonepenaAa ToneK 9 n 12 
pacxoAyeTca Ha yBenMHeHMM ckopoctm noTOKa 
pa6oneM cpeAbi. 

B pa3AenMTejie paGonan cpeAa b ceneHMM II 
II pasAermeTca Ha 2 nacTn: nocTynatomyio Ha 
bxoa b AH<t>cf>y3opa 3 m Ha bxoa Ancfecfcysopa 2. 
B AH**y3opax nponcxoAMT TopMO>KeHne 
cKopocTHoro noTOKa pa6oHefi cpeAbi n noA"beM 
AaBJieHM^ n 3HTanbnnn. (Ipoi^ecc 
"OTAeneHMH-c>KaTM«" b Tpy6e 3 Ha AHacfepanvie 
OTpa>KeH TOMK3MH 12, 10, 14; a stot we 
npoqecc b Tpy6e 2 TOHKaMM 12, 11, 13. 
HanpaBneHne npoqecca Ha A^arpaMMe 
o6o3HaneHO ixiTpuxoBbiMn nnHH^MM m 
cTpejiKawin. KaK cneAyeT M3 AMarpaMMbi, cpeAa 
tohkm 13 MMeeT AaBJieHne Bbitue AasneHna 
M3o6apbi, npoxoAflmefi nepe3 TOHKy 9 Havana 
pa3AeneHMfl pa6oneM cpeAbi, a cpeAa tohkm 14 
cooTBeTCTBeHHO Gonee HM3Koe AaBneHMe. 
flanee pa6onafl cpeAa tohkm 14 OKMMaeTca no 
aAMa6aTe 14, 4 3aTeM npoMCXOA^T ee HarpeB 
(M3o6apa 4, 1) m paciunpeHMe CHOBa (aAna6aTa 
1, 9). CpeAa c napaMeTpaMM tohkm 13 
AMarpaMMbi oxna>KAaeTCfl no M3o6ape 13, 15, a 
Tenno npM stom nepeAaeTCH pereHepaTMBHO 
Hepa3AeneHHoPi pa6oneM cpeAe Ha ynacTKe 4, 
16, 17 M3o6apbi 4, 1. HanpaBneHMe npou,ecca 
nepeAanM Tenna Ha A^arpaMMe o6o3HaneHo 
tohkmmm nnHMAMM co CTpemaMM. 

KaK noKasan onbiT, Ana nepeAanM Bcero 
o6"beMa Tenna, B03Bpau^aeMoro pereHepaTHBHO, 
Heo6xoAMM0 ocyu^ecTBTiflTb MHorocTyneHHaToe 
pa3AeneHMe padcmeft cpeAbi. Ha AMarpaMMe 4 
M3o6pa>KeH BapMaHT AByxcTyneHHaToro 
pa3AeneHMfl. CornacHo eMy pa6onafl cpeAa, 
oxnaAMBUJMCb no BepxHetf jimhmm M3o6apw 13, 
15, ycnoBHO oeosHaneHHoPi Ha AwarpaMMe 
ABOfiHOfi DMHMeC^, pacuJMpweTcw no aAMa6aTe 
15, 9'. 3aTeM bo BTopoM pa3AenMTene 
npoMcxoAMT ee pa3AeneHMe Ha ABe nacTM 
xonoAHyK) (tohkm 9', 12, 10, 14) m ropflHyio 
( tom km 9', 12, 11, 13). flanee paGonafl cpeAa 
BToporo pasAeriMTexiR oxna>KAaeTCfl 
pereHepaTMBHO no aAna6aTe 13, 15 (hmwhaa 
jimhma). Tenno nepBoro pasAe/iMTe/iH 
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Tenxio BToporo pa3AenMTerifl Ha ynacTOK 4, 16. 
KaK cneAyeT M3 amw^mm, Ana o6ecneMeHMfl 
nepeAanM Tenna or^^MeMbiM o6paaoM tohk3 
15 pacnonaraeTCH ^B=e tohkm 16, npMHeM 
Tenno M3o6apw 13, 15 nepeAaeTCfl Ha 
HepasAe/ieHHbm ysacroK H306apbi 4, 1 . 

npoijecc pasAe/ieHMfl pa6oneM cpeAbi 
noBTopfliOT ao 6-KpaTHoro yMeHbweHMfl Maccbi 
ropflHeC^ nacTM. OcTaBiuyiocfl nacTb oxjia>KAaK)T 
b xonoAMjibHMKe m nepeAaiOT Ha OKaTMe no 
jimhmm Ha AMarpaMMe, o6o3HaneHHOM TOHKaMM 
15 2 3 14. 

KaK cneAyeT M3 AnarpaMMbi ct>w\4, Tenno 
BHeujHero MCTOHHMKa noABOAMTCfl Ha ynacTKe 
17, 1 M3o6apbi 4, 1. I/I3 cpaBHeHMfl AMarpaMM 

C})Mr.1 M 4 BMAHO, HTO OHM OTnMHaiOTCfl nMUJb 

TeM, hto ynacTOK noABOAa Tenna Ha A^acfparMe 
cfDMr.4 6onbine Ha BenMHMHy M3o6apw 17, 7. 
BenMHMHa TennoTbi BHeujHero mctohhmk3, 
noABOAMMafl Ha stom ynacTKe M3o6apbi, paBHa 
TennoTe, nepeAaHHOi^ xonoAMn bH m Ky . 143 
AMarpaMMbi <$v\r. 4 TaK we cneAyeT, hto 
npeAnaraeMbiM cnoco6oM peanMsyeTCfl 
pereHepaTMBHaa nepeAana nacTM TennoTbi 
pa6oneM cpeAbi, He McnonbsoBaHHoPi b UMKne, a 
noABOAMMoe BHeniHMM o6pa30M Tenno 
npaKTMMecKM nonHOCTbio npeo6pa3yeTC« b 
pa6oTy UMKna. 

TennoBOM arperaT, npeACTaBneHHbitf Ha 
0Mr.5, coAep>KMT napoByio Typ6MHy, y KOTopoK 
Ha Bany 1 HaAeTbi KOMnpeccopHbie 2 m 
paciUMpMTenbHbie 3 Koneca. Koneca 
o6"beAMHeHbi b naKeTbi, OTAeneHHbie oamh ot 
Apyroro nM6o peiueTKOM, nM6o neperopoAKOM. 
Typ6MHa cHa6)KeHa pa3AenMTen«MM pa6one^ 
cpeAbi 4, pereHepaTopaMM 5 m ra30xoAOM 6. 
BxoAbi m BbixoAbi pa3AenMTeneti m 
pereHepaTopa noAcoeAMHeHbi Tpy6onpoBOA3MM 
k BbixoAaM m BXOA3M naKeTOB Typ6MHbi. B 
ra30XOAe 6 pa3MemeHbi ceKUMM HarpeBaTenn 7 
m B03AyxonoAorpeBaTena 8. TaaoxoA CHa6>KeH 
TOnnMBHOM cfiopcyHKOM 9, B03Ayxo3a6opHMKOM 
10 m AbiMococoM 11. HenoAHepKHyTbie UMCjDpbi 
Ha 0Mr.5 cooTBeTCTByiOT HOMepaM ycnoBHbix 
ToneK AMarpaMM cf)Mr.4. 

nycK Typ6MHbi b xoa ocymecTBnaeTCfl npM 
noAKMre TonnMBa b rasoBOM KaHane 6 m 
pacKpyHMBaHMM Bana 1 cTapTepOM. B 
ycTaHOBMBmeMCfl pe>KMMe TennoBaa 3HeprM« 
Ann pa6oTbi Typ6MHbi nocTynaeT nepe3 
HarpeBaTenb 7 ot OKwraHMfl TonnMBa cfiopcyHKM 
9 b noAorpeTOM B03Ayxe, HarpeBaeMoro b 
ceKi^MM 8. flbiMOBbie ra3bi Bbi6pacbiBaK)TCfl 
AbiMococoM 1 1 . Pa6onafl cpeAa b ra30o6pa3Hoi^ 
cjpaze noABepraeTca cwaTMio b naKeTax 
KOMnpeccopHbix Konec 2, 3aTeM pacLUMp^eTcyi c 
noAorpeBOM b nepBOM naKeTe paciUMpMTenbHbix 
Konec 3 m Aanee 6e3 noAorpeBa b 
nocneAyiomMx naKeTax. npM stom coBepmaeTCfl 
paGoTa, pacxoAyeMaw Ha pa^OTy 
KOMnpeccopHoC^ nacTM m Ha Harpy3Ky. H3 
nocneAHero paciuMpMTenbHoro Koneca pa6ona« 
cpeAa nepeAaeTca b nepBoe KOMnpeccopHoe 
Koneco nepe3 ceKi4MK) Tennoo6MeHHMKa 8, rAe 
OHa oxna^aeTcw, OTAaBafl nacTb Tenna 
AyTbeBOMy B03Ayxy. 

Oco6eHHOCTbio Typ6nHbi 4>Mr. 5 ABnaeTCfl to, 
hto nacTb Maccbi pa6one^ cpeAbi nepeAaeTc« 
M3 pacujMpMTenbHbix Konec b KOMnpeccopHbie 
nepe3 2 pasAenMTena 4. ropwMMe 
cocTasnflioiuMe pa6oneM cpeAbi c BbixoAOB 
pa3AenMTeneM nocTynaioT nepe3 2 
pereHepaTopa 5 Ana AanbHefiujero 
paciUMpeHMfl. B pa3AenMTenqx 4, KaK noKa3aHO 
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(TeMneparypbi, AaaneHi/m) paooMeB cpeAbi, h, 
6jiaroAap« aroMy, peann^^pfl nepeAa^a 
TennoTbt Hepa3AeneHHofi^^»HePi cpeAe b 
pereHepaTopax 5. Konms^J stoPi TennoTbi 
cooTBeTCTByeT TennoTe, He ncnonb3yeMofi b 
t^MKne. BbiGpocoB Tenna pa6onetf cpeAbi b 
OKpywaiomee npocTpaHCTBO HeT m stum 

OGecneHHBaeTCfl BblCOKafl OKOHOMHHHOCTb 

arperaTa. flononHwenbHbiM nonownTenbHbiM 
cboActbom arperaia, peann3yioinero 
3aHBJifleMbi^ cnocoG, flBnaioTCfl to, mto b HeM 
cHUKeHbi Han6onee ra6apnTHbie Mac™ 
KOMnpeccopHbix n pacuunpnTe/ibHbix Konec, 
pa6oTaioiAHX npw hh3kom AaB/ieHUM. 3to 
yMeHbujaeT ra6apnTbi arperaTOB, no3BonneT 
BbipaBHUBaTb npoo>inb Typ6nHbi n, TeM caMbiM, 
noAHflTb iwomHOCTb b oahom arperaTe. ScfM^eKT 
MoweT 6biTb ycuneH 3a cMeT co3AaHWH 
arperaTOB, nocrpoeHHbix Ha KOM6MHai4MM 14M1010B 
c})nr.4. flpn 3tom cHM>KaeTCH TeivinepaTypa 
npoAyKTOB OKMraHMfl TonnuBa (AbiMa) h 
noBbioiaeTCfl Kllfl. 3KcnepnMeHTanbHbifi 
o6pa3ei4 arperaTa own co3AaH Ha Mou^HocTb 10 
kbt h ncnojibsoBancfl b KanecTBe npuBOAa 
3JieKTporeHepaTopa. Ero Kllfl cocTaBun 62% 
mto 3HaHHTenbH0 Bbiiue 3HaneHHfl Kflfl 
arperaTOB, nocTpoeHHbix Ha n3BecTHbix 
cnoco6ax (ao 40%). rioTepw TennoTbi b 
3KcnepnMeHTa/ibH0M o6pa3ije pacnpeAennnncb 
cneAyioLUHM o6pa30M: 28% c aw mom, 7% b 
pa3Ae/iMTennx, 3% - noTepu Ha TpeHne. 

TaKUM o6pa30M, Mcnonb30BaHMe 
3aflBJifleMoro cnoco6a, ooecneMWBaeT nonHoe 
npeBpau^eHMe Tenna b MexaHHnecKyio paooTy w 
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peann3y»omnx cnoco6. MMeHHo npuMeHeHi/ie 
pasAeneHMH paciui/ip^^ieficfl npn coBepweHi/iH 
MexaHnnecKofi pa^^^ pa6oMei* cpeAbi Ha 
xo/ioAHyK) m ropj^y^^iTM c nepeAanefl Tenna 
pereHepaTMBHbiM o6pa30M ot ropflHetf Mac™ 
Hepa3A©J"i©HHOfi pa6oMefi cpeAe no3BonaeT 

33MKHyTb TenflOTeXHUMeCKMM I4MKH 6e3 noTepb 

Tenna pa6oMew cpeAbi b npoi^ecce 
npeBpau^eHM^ TennoBofi aHeprnn BHeniHero 
ncTOMHMKa b MexaHMHecKyK) paooTy. 

(Dopiwyna M3o6peTeHHfl: 

CnocoG npeoopasoBaHkm TennoBoPi oHeprnn 
BHeujHero hctohhwo Tenna b MexaHi^ecKyio, 
BKnHDHaKDtnnM HarpeBaH^e pa6oneft cpeAbi, ee 
paciunpeHne c nonyneHneM MexaHi/mecKofl 
paooTbi m OKaTue, OTnma\ou\\A\ACfi TeM, mto 
nocne paciunpeHHfl pa6oMyio cpeAy pa3Aenfl»oT 
b L\eHTpo6e>KHOM none Ha xonoAHyio h rop«Myio 
^acTM, npuneM xonoAHyio MacTb HanpaBnaioT Ha 
OKaTue, a ropflnyio MacTb oxna>KAaK)T ao 
TeMnepaTypw paooMePi cpeAbi, noABepraeMOM 
paciunpeHUJO, Tenno ropflHefi HacTM nepeAaiOT 
Hepa3AeneHHO^ paOonetf cpeAe, a caMy 
oxna>KAeHHyK) rop^Myio MacTb nepeAaiOT Ha 
paciunpeHne, npw stom npoi^ecc pa3AeneHkm 
pa6onetf cpeAbi Ha xonoAHyio m ropnHyio nacTM c 
nocneAyioLneM nepeAanefi Ha OKaTue xonoAHoC^ 
MacTM, oxna>KAeHMeM m paciunpeHneM ropnMe^ 
nacTM noBTopaiOT HeoAHOKpaTHo ao 6 
10-KpaTHoro yMeHbweHkia Maccbi ropfl^e^ 
MacTM, a ocTaBLLiyiocfl ropflqyio nacTb 
oxna>KAaiOT ao TeMnepaTypbi pa6oqeCi cpeAbi, 
HanpaBneHHOM Ha OKaTue, m okmmbiot. 
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